THE LARGEST EVER OPTICAL
SPECTROSCOPIC SURVEY OF
BLLAZARS

Michael S. Shaw, Roger W. Romani, Garret Cotter, Stephen
E. Healey, Peter I. Michelson, Anthony C. S. Readhead, Joseph
L.. Richards, Walter Max-Moerbeck, Oliver G. King, Will Potter




COLLABORATORS

Stanford University: Caltech:
° Roger Romani <PI> ® Anthony Readhead <PI>
° Peter Michelson (PI) .JOCY Richards (HOW at PUYdUC)
e Stephen Healey (now at NGA) e Walter Max-Moerback
e Oliver King
o

a8 o>

University of Oxford: Q\O

e Garret Cotter (PI)

e Will Potter A&@ﬁ\ﬂ




Y
HE 2FGL SK
i}

"' ) ." ..
A 3 “y ‘o..
. # ), 4 .
‘0:0\' o..

i~




2LLAC BLAZARS

Second LAT Catalogue (2LAC)
TS>25, August 2008 - August 2010 FSRO

800+ Blazars across the extragalactic sky.
T'he dominant gamma-ray source class.

Many BL Lacs.




AN OPTICAL APPROACH
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» Substantial uncertainty in spectral types
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» BL. Lac z distribution systematically biasedg
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'THE OBSERVING CAMPAIGN

Telescope  Time  Type IDs Redshifts Institution Pl

150

hours 84 38 Stanford  Romani
8 nights 56 8 Caltech Readhead
9 nights 88 40 Caltech Readhead
6 nights 41 |4 ESO Cotter
2nights 49 28 ESO  Cotter

|0 hours




COMPLETENESS

: uantitative, Unknown
Total | Archival z | Spectro. z o

Constraints Z
319 312 230 156
Ll | 31% 31% 23% 15%
= 62%
2LAC 456 110 100 222 23
BL Lac 24% 22% 49% 5%
=46%

BLL Spectroscopic redshifts + constraints = 93 %




STORY OF A BLLAZAR

» J2055-0021: a bright BLL
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THE
SPECTRA
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BL. LAC REDSHIFTS

Archival Reshifts Median = 0.23

BL Lacs not only atlow z 10 —

— Galaxy Limits Median = 0.41

* 'Negative’ evolution 2 o -
distavored é% :
ﬂa 60 —

 Substantial selection 5|
effects remain § wl

Limits suggest substantial =~ =}
higher z population [
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Redshift

— Spectro Redshifts Median = 0.33 A

= Absorption Limits Median = 0.70 A




CALIBRATING STANDARD
CANDLES
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BLACK HOLE MASSES

* FSROQs: Preferentially

lower BH masses
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» Likely due to preferred
orientation of BLR
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« BL. Lacs: Preferentially
higher BH masses

8.0

3
&

« Possible selection effects
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NONTHERMAL DOMINANCE
(N'T'D)
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+ FSRQs .

« Within BLL Lacs, extends to &, 5
extreme values
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WHERE TO FIND THE DATA

FSROs
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SPECTROSCOPY OF BROAD LINE BLAZARS FROM 1LAC
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ABSTRACT

We report on optical spectroscopy of 165 Flat Spectrum Radio Quasars (FSRQs) in the Fermi
ILAC sample, which have helped allow a nearly complete study of this population. Fermi FSRQ
show significant, evidence for non-thermal emission even in the optical; the degree depends on the
~-ray hardness. They also have smaller virial estimates of hole mass than the optical quasar sample.
This appears to be largely due to a preferred (axial) view of the y-ray FSRQ and non-isotropic

(H/R ~ 0.4) distribution of broad-line velocities. Even after correction for this bias, the Fermi FSRQ
show higher mean Eddington ratios than the optical population. A comparison of optical spectral

properties with Owens Vall

Radio Observatory radio flare activity shows no strong correlation.

Subject headings: galaxies: active — Gamma rays: galaxies — quasars: general — surveys

1. INTRODUCTION

The Fermi Gamma-Ray Space Telescope was launched
on 2008 June 11. Its primary instrument is the Large
Area Telescope (Atwood et al. 2009, LAT). Fermi gen-
erally operates in sky survey mode, observing the entire
sky every 3 hours, and providing approximately uniform
sky coverage on time scales of days to years.

The Fermi LAT First Source Catalog (Abdo et al.
2010, 1FGL) catalogs the 1451 most significant sources
detected in Ferm's first year of operation. Based on the
IFGL catalog, The First Catalog of AGN Detected by
the Fermi LAT (Abdo et al. 2010¢, ILAC) is the largest
radio-y selected sample of blazars to date, associating
671 y-ray sources to 709 AGN (some may be unresolyed
composites) in the high-latitude sample.

Our quest is to optically characterize these sourcd
seeking maximum completeness in spectroscopic i
fications and using the spectra to constrain
erties of these AGN. Optically. tl

evenly split between Flat Spectrum FS.
RQb) and B, Lacerate O is paper
per (Shaw ct
fal program and e

describe the meast
o 4, we mea G
b,

this popula-
on-going radio

2.1. The FSRQ Sample

This paper reports on a multi-year observing campaign
to follow-up the Fermi blazars. A principal aim is to
achieve high redshift completencss for the 1LAC sample
(Abdo et al. 2010c).

In this paper, we discus
other LAT blazar associations
A major contribution is
these Dlazars
archival spectrd

- spectra of FSRQs and
11 strong emission lines.
cctroscopy of 165 of
is, we also measured
in the sample, for a

sample to
2 BL Lacs,
axics.  There
adio sources
nt objects
3) or show
_ where current spec-
ent S/N to unambiguously

1 objects with traditional FSRQ proper in
 flat spectrum radio core emission which
g counterpart association, we require emis-

ines with kinematic FWHM > 1000 km s~! and
bolometric luminosity > 10%2 erg s™'. We find that
188 FSRQ meet these criteria, including 10 low-latitude
sources with ILAC FSRQ associations. In addition, some
11 BL Lacs show well-detected broad lines. For this pa-
per we adopt the traditional heuristic BL Lac definition:
continuum-dominated objects with observed frame line

BL. Lacs
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ABSTRACT

We report on spectroscopic observations covering most of the 456 BL Lacs in the 2"¢ Fermi LAT
catalog of AGN. Including archival measurements (correcting several erroncous literature values) we
now have spectroscopic redshifts for 46% of the BL Lacs. We establish firm lower redshift limits
via intervening absorption systems and statistical lower limi searches for host galaxies for an
additional 49% of the sample leaving only 5% of the BL Lacs unconstrained. The new redshifts raise
the median spectroscopic 2 from 0.23 to 0.33 and include redshifts as large as z = 2.2. Spectroscopic
redshift minima from intervening absorbers have = 0.70, showing a substantial fraction at large z and
arguing against strong negative evolution. We find that detected BL Lac hosts are bright ellipticals
with hole masses M, ~ 10559, substantially larger than the mean of optical AGN and LAT Flat
Spectrum Radio Quasar samples. A slow increase in M, with = may be due to selection bias. We find
that the power-law dominance of the optical spectrum extends to extreme values, but this does not
strongly correlate with the y-ray properties, suggesting that strong beaming is the primary cause of
the range in continuum dominance.
Subject headings: BL Lacertac objects: general — galaxies: active — Gamma rays: galaxies

quasars: general — surveys

now decreased to 156 (15%), and the confirmed BLLs

T R o (Nolun ot al. 2012, have increased to 456 (45% of all 2LAC AGN).

2FGL) lists the S icant sources detected

by the Largc od ot al. 2009, LAT) and data reduction steps.

during Fermi features of the spectra. In §3, we describe our e
The majority of these ST scopic constraints on the redshift, including a technique
dominated Active Galactic NUGIEH {0 provide uniform redshift limits based on searches for
many of which are bright, compact Hlq 105t galaxy emission. In §4, we give estimates of the BLL
are. in fact, 1017 such identifications, COll /.. , Dlack hole masses. We turn to comments on the principal
ond Catalog of AGN Detect the Form n BLL feature, the non-thermal dominance in the optical
ermann et al. 2011, 2LAC) AGN are furtHS 5. and conclude with general rt-m(f:k\tm 6. )
sified as Flat-Spectrum rs (FSRQ) whel . we assume an approximate concordance
the optical ~p'«‘wvm is i fy thermal disk and 2 = 0.3, 0y = 0.7, and Ho = 70 km s~

L), where the op-
augmgynchrotron
ngstly low

luminosity related sources. In 2L 50
cluded 410 BLL, 357 FSRQ, 27 AGN of otfer
erally low 2, lower luminosity Seyferts). and 19#A¢
(then) unknown type.

These ‘Blazars” (BLL and FSRQ) are the brightest
extra-Galactic point sources in the microwave and 7-ray
bands; study of their population and evolution are cer
tral topics in high energy astrophysics. To support such
studies we have acquired sensitive spectroscopic observa-
tions of this sample. In a companion paper (Shaw et al.

btical violently vari-
lized by an optical

inance. According
lovani 1995) BLLs are the high lumi-

equivalent width (EW) of < 5 A and, where measured,
Balmer break strength of < 0.5 (Healey et al. 2008). We
classify an object as a ‘BL Lac’ if it meets these spectro-
scopic criteria at any epoch. For 6 of the 11 BL Lac our
9. onsenS TPNETAND DATA REDUGTION spectra includes epochs in a ‘low’ state where decreased
continuum reveals broad emission lines with > 5 A EW.
The other 5 objects satisfy the BL Lac criteria in all

1 Department of I’Liysics/KIPAC, Stanford University, Stanford,

ca 0l of our spectra, but nevertheless show highly significant,
2 Department of Astrophysics, University of Oxford, Oxford OX1 albeit low EW, broad lines.
3RH, UK The emission line sample contains 29 other objects —

3 Department of Astronomy, California Institute of Technology,

I Segmenloli spectroscopically these are 9 galaxies, 5 LINERs, and 15

2012, hereafter S12), we reported on measurements of
a large fraction of the FSRQ. Here we concentrate on
the BL Lac objects. Our study has also found types
for some of the blazars; the * " have

! Department of Physies/KIPAC, Stanford University, Stan-
forg, CA 94305
, University of Oxford, Oxford

 Department of Astronomy, California Institute of Technol-
ogy, Pasadena, CA 91125

nosity end of the FR I radio galaxy population, while the
FSRQ are associated with FR ITs. However, the principal
BLL characteristic, o dominant and varying synchrotron

. is a sign of a powerful jet whose emission is
beamed closely toward the Earth line of sight. Thus the

distinction between the traditional BLL and the FSRQ
is sensitive to the precise state and oricntation of the jet
(e.g. Giommi et al. 2012) and, indeed, variations in jet
power or direction bring individual sources in or out of
the BLL class (S12).




CONCLUSIONS

* 95% of Fernu BL. Lacs have redshifts or constraints

* Sets the stage for groundbreaking EBL work: Ajello, 2:45PM
» BL. Lac assumptions challenged:

« Standard candle? Maybe. Negative evolution? Probably not.

» Systematic difference in BH mass: impact on AGN evolution?

« FSRQs: Shaw et al, 2012 ; BLLLs: Shaw et al, submitted to Ap]J
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